The urban environment and resources are currently on course that is unsustainable in the long run due to excessive human pursuit of economic goals. Thus, it is very important to develop a model to analyse the relationship between urban economic development and environmental resource protection during the process of rapid urbanisation. This paper proposed a model to identify the key factors in urban environment and resource regulation based on a green GDP accounting system, which consisted of four parts: economy, society, resource, and environment. In this model, the analytic hierarchy process (AHP) method and a modified Pearl curve model were combined to allow for dynamic evaluation, with higher green GDP value as the planning target. The model was applied to the environmental and resource planning problem of Wuyishan City, and the results showed that energy use was a key factor that influenced the urban environment and resource development. Biodiversity and air quality were the most sensitive factors that influenced the value of green GDP in the city. According to the analysis, the urban environment and resource planning could be improved for promoting sustainable development in Wuyishan City.
Introduction
During the process of rapid urbanisation, many countries or regions excessively pursue economic development goals like gross domestic product (GDP) (GDP, an important indicator of the economic development level of a country, is the monetary value of all final goods and services produced in a country over a period of 1 year), while ignoring the integrity of the urban ecosystem. As a result, cities are confronted with increasingly relevant biophysical limitations due to the deterioration of natural resources and the environment during these periods of impressive economic growth [1] . Because of this deterioration, various regulations have targeted the urban environment and resource protection to make cities more ecologically resilient [2] [3] [4] [5] . Within the relevant studies, the general idea of urban ecological regulation is to recognise the main ecological problems during urban development and then solve them through ecological planning [6, 7] . However, there are few efficient quantitative methods for coordinating the relationship between urban economic development and environmental resource protection in previous studies.
In fact, it is efficient to manage the environment and resources by methods of economic regulation. In this vein, green GDP is a general indicator of economic regulation for environmental protection and resource protection. Measuring green GDP can also be used by environmentalists to track the provision of nature's benefits over time to hold governments accountable or to compare environmental conditions among different cities [8] .
Green GDP accounting conventions can be classified into two main groups [9] . Type I green GDP takes into account the difference between GDP and the cost of environmental pollution and resource depletion, but the value of natural ecosystem services is ignored. Heal noted that national economic accounts need to present income statements and balance sheets that reflect the value of ecosystem services [10] . In this context, more scholars have begun to account for the value of ecosystem services and include it in GDP accounting, which we refer to as type II green GDP. Type I green GDP can promote the control of emissions by pollution producers, and therefore is suitable for accounting for green GDP for typical polluted cities. Type II green GDP encourages households 2 Mathematical Problems in Engineering to protect the ecoenvironment and is therefore suitable for application to typical cities with better natural environmental conditions. Of the two types, type II green GDP includes the benefits from the protection of natural ecosystems and has been widely studied in recent years.
The original notion of type II green GDP accounting came from research by Costanza et al. in which the value of global ecosystem services was compared with global GNP. After that, the idea of including ecoservice valuation in traditional economic accounting systems was proposed and gradually developed [11] [12] [13] . In 2005, the Millennium Ecosystem Assessment [14] used the notion of ecosystem services to research type II green GDP accounting, and in 2007, Boyd and Banzhaf [15] defined the concept of final ecosystem services and used these as standardised environmental accounting units. However, type II green GDP accounting is still in its infancy, and the approach used to define and calculate final ecosystem services is a key issue.
As argued in a report by the Commission on the Measurement of Economic Performance and Social Progress [16] , "green GDP constitutes only one aspect of sustainability, and more research on sustainability assessment is required. " On one hand, these green GDP accounting methods, especially the type II method, need to be further improved. Existing accounting methods have focused on accounting for ecoservices, but cannot be easily combined with traditional GDP accounting systems. In China, green GDP accounting systems have included the value of ecosystem services [17] , but the accuracy and rationality of ecosystem services accounting do not meet requirements for green GDP accounting. On the other hand, most studies of green GDP still focus on value accounting methods rather than their application. The importance of green GDP should not be limited to calculating a numerical value. Rather, approaches for applying green GDP to reality, such as in urban ecosystem construction or environmental management, should be the focus of more studies.
In this context, a traditional GDP accounting system was decomposed in the present study according to the character of the national economic accounting system in China; it was adapted into a green GDP accounting system including direct ecosystem services; this system was the basis for the urban environment and resource regulation model in this paper. The AHP method and a modified Pearl curve model were then used to identify the key factors in the green GDP accounting system for urban environment and resource regulation; dynamic evaluation was performed, where a higher value of green GDP was the planning target. In this paper, these efforts were demonstrated by a case study of Wuyishan City, and six effective ecological projects were put forward to promote its urban sustainable development.
Methodology
2.1. Green GDP Accounting System. Traditional GDP in China was calculated for 20 different industry categories (e.g., agriculture, forestry, animal husbandry, fishing, and Appendix) according to the National Bureau of Statistics.
These industries can be classified into three types according to their features, and thus GDP can be divided into three parts:
where 1 , 2 , and 3 represent the proportion of GDP generated by economic, social, and resource systems, respectively. However, the environment, which is very important for urban development, is not considered in this equation. Thus, green GDP may be a more suitable metric and can be decomposed as follows:
where green GDP 2 is type II green GDP and DES is direct ecosystem services, which can be calculated as final consumption of GDP using the expenditure method. ESP is ecosystem services product, ES 1 is ecosystem benefits for other creatures, and ES 2 is ecosystem benefits for future generations. Therefore, (2) can be simplified to
Because the proportion of the components can differ over time and for different cities or regions, 1 , 2 , and 3 are not constant and need to be determined for specific cases. DES is part of the total ecosystem services; thus, we need to first determine the DES types ( Figure 1 ) that should be selected. The selection principles are as follows.
(1) Both humans and other creatures will enjoy ecological benefits provided by the natural ecosystem. Therefore, ecosystem services to humans and other creatures should be treated separately in green GDP accounting.
(2) The ecosystem services selected must be end products consumed by humans within a certain period of time to meet GDP accounting requirements. In this study, services are only considered for humans.
Ecosystem services can be divided into those yielding contemporaneous human benefits, descendant benefits, and benefits for all creatures. The benefits for contemporary human included the ecosystem services which were consumed by mankind only in the present. The benefits for all creatures referred to the ecosystem services which can be enjoyed by all creatures, not limited to mankind. The benefits for descendant were the supports for sustainable development provided by ecosystem services.
Based on the selection principles, only the part of services yielding benefits for all creatures should be included in green GDP. Services that yield future human benefits belong to neither DES nor to green GDP. Services accounted for in GDP, such as food production, water supply, and raw material supply, should be excluded. This is a general division of the ecosystem, and the division can be varied for different regions or different periods. Reasonable accounting methods are chosen to calculate the value of direct ecosystem services, such as the hedonic price method for aesthetic valuation and the market price method for water conservation. Thus, the value of DES and green GDP can be obtained.
Environment and Resource Regulation Model

Key Factors Analysis with AHP Method.
The value of green GDP is influenced by multiple factors in environmental, social, and economic systems. Therefore, beyond accounting for values, a comprehensive analysis should be done by various influenced factors. We selected key factors and analysed them using AHP method (see Figure 2 ).
Sensitivity Analysis with Pearl Curve Model.
The interactions among social, economic, environmental managerial, regulatory, and lifestyle factors are complicated and change over time [18] . Therefore, to identify improvements in ecosystem services and human activities, the impact of human activities on ecological factors and green GDP should be analysed dynamically. The Pearl curve model was widely used to show the variations [19, 20] , mathematically expressed as:
where is the variation index for the factor, is its maximum value, and are constants, and is a parameter reflecting differences in the factor over time.
With reference to the form of Pearl curve, we established a modified Pearl curve model to express the influence of ecological factors and ecosystem services, mathematically expressed as:
In this model, it insured that in the beginning ( = 0), when the situation of human activities and the ecological situations was retention (R), the change were equal to 0. Moreover, the model was symmetric about the -axis, in order to make the influence of ecological factors and ecosystem services more clear and comparative.
Therefore, the models for changes in ecological factors and green GDP are:
where 1 is the change in ecological factor, 1 is the maximum value for the ecological factor, and 1 denotes the situation for human activities, with 1 = −3, −2, −1, 0, 1, 2 and 3 indicating high deterioration (HD), moderate deterioration (MD), slight deterioration (SD), retention (R), slight improvement (SI), improvement (I), and entire improvement (EI), respectively. Similarly, 2 is the change in green GDP, 2 is the maximum value of green GDP, and 2 denotes the situation for ecological factors, with 2 = −3, −2, −1, 0, 1, 2 and 3 indicating HD, MD, SD, R, SI, I, and EI, respectively. According to the key factors analysis and sensitivity analysis for green GDP accounting, the relationships between human activities and green GDP and ecological factors and green GDP can be revealed; thus, environmental and resource planning can be proposed for improving green GDP.
Case Study
Study Area.
Wuyishan City is located in the northwest of Fujian Province, China, and consists of three districts and seven towns. It covers a total area of approximately 2802.77 km 2 ( Figure 3 ). It is a popular with tourists because of Mount Wuyi, which is included on the UNESCO World Heritage List (http://whc.unesco.org/en/list/911). Wuyishan Nature Reserve has the largest existing and best-preserved subtropical native forest ecosystem. To protect this important ecological environment, the authorities in Wuyishan City have limited industrial development, despite the GDP benefits of industrial production.
For Wuyishan City, the environmental externality mainly came from its good ecoenvironment; the valuation of its forest ecosystem services should be accounted well with type II green GDP. Therefore, type II green GDP accounting is suitable for encouraging the government and households of Wuyishan City to protect the natural environment.
Green GDP Accounting for Wuyishan
City. The DES selection was based on the analysis of leading industries and the opinions of local residents. It not only considers current social economic situation, but also the individual's ecological consciousness. This process can also provide a reference for analysis of the key factors in green GDP accounting and ecological regulation in subsequent research.
Leading Industries.
A ratio method can be used to select the leading industry according to the following:
where is an index representing the status of an industry in the regional economy, is the value added by industry in region , is the total value added for region , is the total value added by industry , and is the national gross value added.
> 1 means that industry is a leading industry in region .
According to (8) , the value of for each industry in Wuyishan City is shown in Table 1 .
The data in Table 1 show that tourism has the highest value, which reflects the predominant role of tourism in the economy of Wuyishan City. Manufacturing industry has the lowest value, which confirms that local industrial development is low. These results properly reflect the character of Wuyishan City, which has strict environmental protection requirements. Hence, type II green GDP accounting, which reflects changes in the welfare of local residents and fully internalized market externalities for Wuyishan City, is more appropriate than type I green GDP.
Opinion of Local Residents.
Based on the meaning of ESI, the DES was determined according to the urban ecosystem characteristics and the opinions of local residents. Through questionnaire surveys, the residents' attitudes toward and understanding of local ecosystem services were elicited.
Researchers conducted questionnaire surveys over a period of 15 days to investigate the ecological and environmental consciousness of the residents in Wuyishan City. Respondents were randomly selected from different towns within Wuyishan City and 361 questionnaires were returned. The third and fourth questions in the questionnaire focused on attitudes toward and understanding of ecosystem services ( Figure 4) . Some 35.3% of the respondents hoped that local tourism would be a priority for development, and 31.5% believed that parks should be built in vacant lots. These responses indicate that local residents are concerned about the recreation services provided by Wuyishan Scenic Spots and Nature Reserve.
According to the analysis and questionnaire results, the importance of six human benefit types (food production, water supply, aesthetic, health guarantee, reduced waste treatment costs, and culture) was confirmed. Because the first two were already included in the traditional GDP accounting system, they were excluded to avoid repeat accounting. The other four benefits were included in green GDP. The DES composition is shown in Figure 5 .
After collecting relevant data, the accounting methods listed in Table 2 [21] were used to calculate the value of direct ecosystem services for Wuyishan City (Table 3) .
Among DES types, the largest value was observed for water conservation (65%), followed by gas regulation (29%). This shows that the natural landscape of Wuyishan City not only promotes local tourism development but also provides many benefits for residents that cannot be ignored in GDP accounting systems. Therefore, protection of the natural environment should be strengthened when focusing on the development of local tourism.
According to the type II green GDP accounting model, the green GDP of Wuyishan City from 2005 to 2010 was calculated in Table 4 .
The green GDP in Wuyishan City has risen gradually in the past years. As the direct ecosystem service value of Wuyishan City has changed little, the trend growth of green GDP and GDP kept pace. The results indicated that the economic development in Wuyishan City has coordinated with its environment and resource protection. But it is necessary to pay more attention to protect its environment and resources to increase its green GDP.
Environment and Resource Regulation for Wuyishan
City. Using an analytic hierarchy process (AHP) method, we built the hierarchical structure ( Figure 5 ) to analyse the correlations among resources, environment, economy, and society that form the important aspects of ecological factors and human activity. According to the hierarchical structure, the pairwise comparison matrices for each layer were constructed based on our survey conducted in Wuyishan City.
The weights for the impact of human activities on ecological factors and of ecological factors on green GDP are presented in Tables 5 and 6 . The impact weights can be divided into four grades: 0-0.25 (no influence), grade I; 0.26-0.5 (slight influence), grade II; 0.51-0.75 (large influence), grade III; and 0.76-1 (enormous influence), grade IV.
The standards for human activities and ecological factors changes were classified according to (6) and are shown in Table 7 .
The effects of changes in human activities on ecological factors can be calculated based on Tables 5 and 7 ; the data are multiplied by the corresponding numerical values. The results are shown in Table 8 and Figure 6 .
Similarly, the effects of changes in ecological factors on green GDP can be calculated based on Tables 6 and  7 . According to the weight for green GDP components (Table 9) , the results are shown in Table 10 and Figure 7 .
According to the results in Tables 8 and 10 , human activities impact green GDP. These effects are shown in Table 11 and Figure 8 .
According to our analysis, green GDP was most sensitive to biodiversity and energy use, followed by air quality and tourism. The results suggest that human activities have a significant influence on the green GDP of Wuyishan City and could be considered as key factors in ecological regulation. Based on these key factors, ecological projects can be carried out to regulate the ecological functioning of the region and increase the value of green GDP; some examples of possible projects include nature reserve division construction, corridor building restoration of ecological landscapes, rural biogas planning, vehicle control and improvements, and regulation of industrial energy.
Discussion.
In this case study, we calculated Wuyishan City's green GDP in recent past years and applied the proposed models to identify the key factors of environment and resource planning for its ecological construction. Although 
(5) (6) we have got the specific results, some uncertainties and limitation need to further discussion. For green GDP accounting system, as it mentioned that the division of direct ecosystem services can be varied for different regions or different periods. In the case study, according to Wuyishan City's geographical feature, the DES selection was largely due to its typical forest ecosystem, and we assumed that in the past 6 years, from 2005 to 2010, the local people's ecological consciousness changed little.
In the regulation model, the key factors for environment and resource planning were identified by the AHP method; further, the sensitivities of the key factors were analysed using a modified Pearl curve model. Firstly, this model was especially suitable for cities with a better environment, and we chose Wuyishan City as the case study. The industrialized city with heavy environmental pollution is not applicable in this model. Moreover, the AHP method may have some subjective as using scoring, and its combination with Pearl curve model is to realize the dynamic qualitative analysis. The quantitative analysis needs further study. 
Conclusion
We proposed a model of the environment and resources planning and management based on a mathematical green GDP accounting method, which incorporated ecosystem services. This method can reflect the comprehensive state of a city, both in terms of the economy and environment, as well as understanding their implications for urban ecological regulation. This method is more suitable for cities with better natural environmental conditions; in this paper, the method was used to calculate the green GDP for Wuyishan City. To improve the urban environment and resource development, a model for identification of sensitive urban factors was put forward based on green GDP accounting. The sensitivity analysis of factors influencing the green GDP of Wuyishan City was conducted using an AHP method and the Pearl curve model. The results show that energy use is the key factor that influences the ecological function of the Wuyishan urban ecosystem. Moreover, biodiversity and air quality are the most important factors influencing green GDP in terms of ecosystem services. Guided by the analysis, six ecological projects were put forward for ecological function regulation to promote urban sustainable development; these proposed projects were water system corridor construction, special park construction, ecological landscapes restoration, rural biogas planning, vehicle control and improvement, and industrial energy structure adjustment. If these projects are implemented, the green GDP of Wuyishan City should gradually increase in the future.
In conclusion, green GDP can be considered as an indicator of the degree of sustainable urban development. The sensitivity analysis model based on green GDP accounting can be used in the context of urban environmental and resource planning.
